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Method and Arrangement for Making Tube- Shaped Structures 



Reinforced with Strengthening Support 



The invention relates to a method for making reinforced 
tube-shaped structures with the steps: 

a) applying a first rubber layer with a first extrusion unit 
onto a series of sequential rigid cylindrical mandrels which are 
coupled to each other and which are driven at an advancement 
speed in the direction of an advancement axis; 

b) applying a first filament layer at a defined desired 
filament angle referred to the advancement axis with a bobbin 
creel \init having means which rotate about the advancing 
mandrels; 

c) applying at least one further rubber layer to the first 
filament layer utilizing at least one additional extrusion unit. 

The invention relates further to an arrangement for making 
reinforced tube-shaped structures including: 

a) a first extrusion unit for applying a first rubber 
layer to a series of sequential rigid cylinder- shaped mandrels, 
which are coupled to each other ^ the mandrels being driven at an 
advancement speed in a direction of an advancement axis; 

b) a first bobbin creel unit having means, which rotate 
about the advancing mandrels, for applying a first filament layer 
at a defined desired filament angle referred to the advancement 
axis; 

c) at least one additional extrusion unit for applying at 
least one additional rubber layer to the first filament layer. 

An automated method for making multi-layer blanks is known 
from DE 27 50 642 C2 wherein rubber layers and reinforcement 
layers are wound onto a rotating mandrel mounted at a fixed 



location. A material feed unit is moved in the longitudinal 
direction along the mandrel. It is disadvantageous that this 
manufacturing method is not continuous; instead, the method is 
limited to the length of the mandrel. In addition, the thickness 
5 and the angle of the wound rubber layers and reinforcement layers 

cannot be ensured with adequate accuracy which is required for 
tubular rolling-lobe flexible members for use in air springs of 
motor vehicles. 

A winding method for continuously manufacturing reinforced 

10 tube-shaped rolling-lobe resilient members for air springs is 

described in DE 1 180 513. In this method, rubber layers and 
reinforcement layers are wound on an endless row of mandrels in 
series one behind the other and driven forward in an advancing 
direction. The tube resilient member is vulcanized on the 

15 mandrels. Thereafter, the mandrel component pieces are pulled 

off and releasably connected to the end of the mandrel component 
piece which riins into the winding machine. The precision, which 
is required for air spring resilient members, can 
disadvantageous ly not be ensured in the winding method. In 

20 addition, the mandrels are thermally loaded during vulcanization 

and the danger is present that the mandrels deform so that a 
iiniform quality of the tubular flexible members can no longer be 
guaranteed. 

A method and arrangement for manufacturing rubber hoses of 
25 curved shape are disclosed in DE 25 45 058 C3 . In this method, 

rubber layers and reinforcement layers are applied to mandrels 
with at least one extruder and a thread reinforcing machine with 
the mandrels being driven continuously in the feed direction. 
The mandrels abut directly and seamlessly one against the other. 
30 The continuous hose is cut into sections in a cutting device and 
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is pulled from the mandrels and the individual mandrels are 
returned to the manufacturing start. 

By utilizing flexible mandrels, the accuracy of the 
reinforced tube-shaped structure, which is required for air 
springs, cannot be guaranteed. In addition, with the 
vulcanization of the tube-shaped structures on the mandrels, the 
danger is present that the mandrels will distort. 

For tube-shaped resilient members for use as air springs, a 
highly precise manufacturing is essential. Here, especially the 
thickness of the first rubber layer and the filament angle of the 
reinforcement layers is a decisive quality feature which 
significantly determines the characteristics of the air spring, 
which is manufactured from the tube-shaped resilient member, and 
the service life. 

The task of the invention is therefore to provide an 
improved arrangement and a method for the continuous production 
of reinforced tube- shaped structures with these structures 
ensuring a precision, which is adequate for use, for example, in 
air springs, and ensuring a high process reliability. 

The task is solved with the method of this type with the 
steps : 

d) continuously measuring the advancement speed of the 
mandrels; 

e) controlling the rubber quantity, which is applied via the 
first extrusion unit, in dependence upon the measured advancement 
speed in order to obtain a defined desired thickness of the first 
rubber layer; 

f) controlling the rotational speed of the first bobbin 
creel unit during the rotation about the mandrels in dependence 
upon the advancement speed in order to obtain a filament layer 



having the defined desired filament angles. 

According to the invention, the first bobbin creel unit and 
the first extrusion unit form a closed control loop. The first 
extrusion unit is readjusted in dependence upon the measured 
advancement speed of the mandrels in order to obtain a wanted 
desired thickness. In addition, the first filament layer is 
applied with the first bobbin creel unit in dependence upon the 
particular advancement speed so that the filament angles are held 
constant when there are variations of the advancement speed. In 
the control of the extrusion unit and the bobbin creel unit in 
dependence upon the advancement speed, the realization is 
utilized that the extruded rubber layer thickness and the 
filament angle are influenced especially by the advancement 
speed . 

It has been shown that with such a control loop, reinforced 
tube-shaped structures can be manufactured with a high process 
reliability and approximately uniform equality. 

The task is further solved with the arrangement having the 
following features of the invention: 

d) advancement speed measuring means for continuously 
measuring the advancing speed of the mandrels; 

e) at least one control unit for driving the extrusion 
units and the bobbin creel units with the control unit for: 

controlling the rotational speed of the first bobbin creel 
\mit with the rotation about the mandrels in dependence upon the 
advancement speed in order to obtain a filament layer having the 
defined desired filament angles; 

controlling the rubber quantity, which is applied by the 
first extrusion unit in dependence upon the measured advancement 
speed in order to obtain a defined desired thickness of the first 



rubber 1 ayer . 

It is advantageous to control the mandrel advancement speed 
in accordance with the measured advancement speed of the 
mandrels. Furthermore, the control of the applied rubber 
quantities takes place in dependence upon the measured mean wall 
thickness of the particular rubber layer which is continuously 
measured at four locations on the periphery of the mandrel . 

The accuracy of the applied filament layers can be further 
increased by a continuous measurement of the thickness of the 
first rubber layer and a control of the rubber quantity, which is 
applied by the first extrusion unit, in dependence upon the 
measured thickness. 

Furthermore, the precision of the filament layers can be 
increased by controlling the rotational speed of the bobbin creel 
of the first bobbin creel unit in step (f) in dependence upon the 
measured thickness of the first rubber layer. 

To manufacture a multi-layer reinforced tube- shaped 
structure, a control of the rubber quantities, which are applied 
by the additional extrusion units, advantageously takes place in 
dependence upon the advancement speed in order to obtain a 
defined desired thickness of the additional rubber layers. 

Furthermore, an application of at least one additional 
filament layer on a particular rubber layer takes place at 
defined desired filament angles referred to the advancement axis 
in each case with an additional bobbin creel unit which has means 
rotating about the advancing mandrels as well as an application 
of at least one additional rubber layer on each filament layer 
with a corresponding extrusion unit. The rotational speeds of 
the bobbin creel units are controlled with the rotation about the 
mandrels in dependence upon the advancement speed or in 



dependence upon the rotational speed of the first bobbin creel 
unit. Furthermore, the rotational speeds of the bobbin creels of 
the additional bobbin creel \mits are controlled in dependence 
upon a desired thickness of the additional rubber layers and the 
desired filament angles. The bobbin creels are coupled to each 
other via a dead time and coupling factors. This control concept 
has been shown to be suitable for the continuous manufacturing 
operation in order to ensure a uniform quality of the reinforced 
tube-shaped structures. 

It is advantageous to variably adjust the filament angles by 
controlling the rotational speeds of the bobbin creel units for 
producing reinforced tube-shaped structures especially of air 
springs having different filament angles in defined regions. For 
this purpose, the bobbin creel units are coupled to each other 
via a dead time and coupling factors in such a manner that a 
change of the filament angle of a filament layer by a bobbin 
creel iinit at a position of the reinforced tube-shaped structure 
is coupled to a corresponding change of the filament angle of 
additional filament layers at the same position by additional 
bobbin creel units. With the bobbin creel units, the rotational 
speed can be so controlled that defined regions having a first 
filament angle and defined regions having a second filament angle 
result. The transition from the first filament angle to the 
second filament angle can be precisely fixed via a defined 
acceleration and deceleration of the bobbin creel units. The 
control of the bobbin creel units is so conceived that downstream 
bobbin creel units can realize a rotational speed change 
precisely at the location as the first bobbin creel unit but 
delayed in time in dependence upon the mandrel advancement speed. 

It is especially advantageous when, in addition, the rubber 



quantities, which are applied by each of the extrusion units, are 
controlled in dependence upon the corresponding pressure in the 
injection head of the corresponding extrusion unit. 

It has further been shown advantageous to provide a 
volume -dependent control of the thickness of the applied rubber 
layers by means of a gear pump which, in each case, is mounted 
between the extruder and the extruder head of an extrusion unit. 
In this way, the volume flow of the rubber quantity can be 
precisely controlled in order to obtain a constant layer 
thickness . 

The thicknesses of the applied layers are advantageously 
measured at several positions on the periphery of the reinforced 
tube-shaped structure and a layer thickness of the structure is 
preferably determined from the mean value of the layer 
thicknesses, which are measured on the periphery, for the control 
and/or detection of faults. In this way, it is avoided that 
local variations of the layer thicknesses on the periphery lead 
to a defective readjustment. 

The measurement of the layer thicknesses on the periphery of 
the structure takes place preferably by rotation of a unit for 
measuring the thicknesses of the applied layers over time about 
the periphery of the reinforced tube-shaped structure and by 
recording the thickness at several peripheral positions. 

To measure thickness, the outer edges of the structure can 
be contactlessly measured, for example, optically. In addition, 
the outer edges of the mandrel are measured likewise 
contactlessly, for example, inductively. From the outer edges of 
the structure and of the mandrel, the thickness of the reinforced 
tube-shaped structure can be computed at different positions on 
the periphery- For this purpose, the optical measuring units for 



measuring the outer edges of the structure and the contactless 
measuring sensor for detecting the mandrel outer edge should be 
matched to each other and have a common reference point . 

To facilitate stripping the structure from the mandrels, a 
separating agent is preferably applied to the mandrels with a 
separating agent application unit in advance of applying the 
first rubber layer. The applied separating agent quantity 
preferably is controlled in dependence upon the advancement speed 
of the mandrels so that a uniform separating means application is 
ensured. In a corresponding manner, preferably, a separating 
agent should also be applied to the last outer rubber layer in 
order to reduce stickiness. 

To ensure an adequate processing reliability, process 
variables are measured during the application of the rubber 
layers and reinforcement layers and defective regions of the 
structure are marked when the process variables exceed or drop 
below a particular fault tolerance amount. The marked defective 
regions are then optically recognized and the sections of the 
reinforced tube- shaped structure, which are detected as 
defective, are separated out. 

Furthermore, a marking of sections of the structure with a 
product marking (especially with the production time and/or a 
charge number) takes place after applying the topmost rubber 
layer. The marking of the structures at the end of the 
manufacturing line should take place in such a manner that the 
regions of the angle changes always lie at the same position in 
the finished product- The product marking should indicate where 
the blank, that is, the structure, is to be cut and a marking 
should be applied which provides information as to the location 
where the structure is to be built in or the direction of 
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installation. 

The invention will be explained in greater detail with 
respect to the enclosed drawings. 

FIG. 1 shows a schematic block diagram of a manufacturing 
arrangement for continuously making reinforced tube- shaped 
structures; and, 

FIG. 2 shows a cross-section block diagram of an apparatus 
for measuring the first rubber layer thickness. 

FIG. 1 presents an arrangement for the continuous production 
of reinforced tube- shaped structures as a schematic block 
diagram. The structures 1 comprise several rubber 
layers (2a, 2b, 2c) lying one atop the other and reinforcement 
layers (3a, 3b) . The reinforcement layers (3a, 3b) are cord or 
filament layers which are wound at a defined filament angle about 
the periphery of each of the rubber layers (2a, 2b) . 

The manufacturing arrangement has a first extruder 4a for 
applying the first rubber layer 2a onto the periphery of 
tube-shaped rigid mandrels 5 which are sequentially coupled to 
each other and are driven by advancing machines 6 in a direction 
of an axis X of advancement. 

A first rubber layer is applied to the periphery of the 
mandrels 5 with a first extrusion unit 4a. A separation agent 
applicator unit 7 is mounted ahead of the first extrusion unit 4a 
and applies a separation agent to the surface of the mandrels 5 
so that the first rubber layer 2a does not adhere to the 
mandrels 5 and can later be easily separated therefrom. 

First layer thickness measuring means 9a are provided behind 
the first extrusion unit 4a viewed in a direction of the 
advancement axis X in order to continuously measure the thickness 
of the first rubber layer 2a. The layer-thickness measuring 



means 9a have optical measuring units with which outer edges of 
the first rubber layer 2a of the structure 1 are optically 
measured at several positions on the periphery of the structure 1 
with a trans illiaminat ion measurement. Furthermore, at least one 
contactless measuring sensor is provided in the layer thickness 
measuring means 9 in order to detect the outer edge of the 
mandrels 5. The thickness d^ of the first rubber layer 2a can be 
computed from the difference between the outer edge of the 
mandrels 5 and the outer edges of the first rubber layer 2a. 

A first bobbin creel unit 10a is mounted behind the layer 
thickness measuring means 9a viewed in the direction of the 
advancement axis X. The bobbin creel unit 10a applies a first 
filament layer at defined desired filament angles to the first 
rubber layer 2a. The first bobbin creel unit 10a has means for 
this purpose which rotate about the advancing mandrels 5. The 
desired filament angle is defined as 0° viewed transversely to 
the advancement axis X and as 90° in the longitudinal direction 
of the structure 1 . 

A second rubber layer 2b is applied to the first 
reinforcement layer 3a by a second extrusion unit 4b and the 
thickness d^ of the tube-shaped structure 1 is optionally 
measured with second layer thickness measuring means 9b. 

Thereafter, a second reinforcement layer 3b is applied as a 
filament layer with defined desired filament angle a2 by a second 
bobbin creel unit 10b which is rotated oppositely to the first 
bobbin creel unit 10a. 

Thereafter, a third rubber layer 2c is applied by a third 
extrusion unit 4c onto this second reinforcement layer 3b. 

The extrusion units (4a, 4b, 4c) each have a gear pump 11 
which is mounted between the extruder and the extrusion head of 
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the extrusion unit. The rubber mass flow can be controlled in 
dependence upon volume with the aid of the gear pumps 11 and, in 
this way, the thickness of the applied rubber layer 2 can be 
controlled with high precision. The control takes place in 
dependence upon the measured mandrel advancement speed and, 
optionally, in dependence upon the mean thickness d of the rubber 
layer 2 measured behind each extrusion unit 4. 

Process variables such as the thickness d of the rubber 
layers 2 are measured with the application of the rubber layers 
and reinforcement layers {2, 3) and, in this way, the continuous 
production of the reinforced tube-shaped structure 1 is 
monitored. A filament tear during production can be determined 
with a filament monitoring and an alarm can be generated. The 
fault designation can then characterize the reinforced 
tube-shaped structure 1 as defective or shut down the production 
line in order to remove the fault. Furthermore, a filament force 
measurement can be provided in order to measure the forces of the 
individual filaments applied to the structure 1 and, when fixed 
tolerances are exceeded, output an alarm signal to a fault 
marking unit 12 in order to remove the defective product. 

Thereafter, the structures 1 are separated into sections by 
a cutting unit 13. For this purpose, a peripherally- extending 
gap S is provided at the abutting surfaces of the sequential 
mandrels 5 so that a peripherally-running separating knife can 
act in the region of the gap on the reinforced tube- shaped 
structure 1 without the mandrels 5 or the separating knife 
becoming damaged. The mandrels 5 with the sections of the 
tube-shaped structures 1 are then individualized and the 
structures 1 are pulled from the mandrels 5 and cut into 
vulcanization lengths and vulcanized. 
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The advancing speed v of the mandrels 5 is continuously 
measured with at least one advancing speed measuring 
means (14a, 14b) during the production process and is supplied as 
a process variable to a central control unit (open loop and 
closed loop) 15. The control unit serves also to drive the fault 
marking unit 12. With the central control unit 15 all, if 
needed, optional further extrusion units 4c and bobbin creel 
units 10b can be directly driven. 

In the embodiment shown, a control loop having control 
unit 16a is provided for the first extrusion unit 4a and the 
first bobbin creel unit 10a and a control loop having control 
unit 16b is provided for the second extrusion unit 4b and the 
second bobbin creel xinit 10b in order to control the extrusion 
units (4a, 4b) and the bobbin creel units (10a, 10b) in 
dependence upon the measured advancement speed v and/or the 
measured thickness d of the layers of the structure 1. 

According to the invention, the control loop with the 
control unit 16a is especially provided in order to so control 
the rubber quantity, which is applied by the first extrusion unit 
4a, in dependence upon the measured advancement speed v^ and the 
measured thickness d^ of the first rubber layer 2a so that a 
defined desired thickness d^^s of the first rubber layer 2a is 
ensured - 

Furthermore, the rotational speed of the first bobbin creel 
unit 10a is so controlled during the rotation about the 
mandrels 5 in dependence upon the advancement speed Va in the 
direction of the advancement axis X and the measured thickness d^ 
of the first rubber layer 2a that the filament layer, which is 
spirally applied, has a defined desired filament angle ai. 

With the second control loop and the control unit 16b, the 

12 



second extrusion unit 4b and the second bobbin creel unit 10b can 
be optionally controlled. For this purpose, the thickness d^ of 
the structure 1 having the second rubber layer 2b as the final 
layer is measured utilizing the layer thickness measuring 
means 9b . 

The control loops with the control units 16a and 16b can be 
configured additionally to control the extrusion units and the 
bobbin creel units (4, 10) . Advantageously, the control is, 
however, provided by the central control unit (open loop and 
closed loop) 15. 

FIG. 2 shows the layer thickness measuring means 9a with a 
mandrel 5 and the first rubber layer 2a in cross section. 

The layer thickness measuring means 9a include at least two 
optical measuring units 17a and 17b having respective 
illuminating means 18 and respective light sensors 19 extending 
transversely to the longitudinal axis of the mandrel 5. The 
illuminating means 18 are so mounted that the mandrel 5, which is 
coated with the first rubber layer 2a, is illuminated. The light 
sensors 19 are mounted opposite the illuminating means 18 so that 
only light rays, which pass outside of the outer edges of the 
first rubber layer 2a from the light means 18 in the direction of 
the light sensor 19, are received and evaluated as an index for 
the position of the outer edges with respect to a reference point 
such as, for example, the center axis of the mandrel 5. 

Furthermore, there are contactless measuring sensors (20a, 
20b) in order to detect the outer edge of the mandrel 5. The 
measuring sensors (20a, 20b) are preferably inductive measuring 
sensors. In this way, the diameter of the mandrel 5 can be 
determined in connection with a reference point. The 
thickness d^ of the first rubber layer 2a can be determined at 
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the various positions with the aid of: the reference point, the 
determined outer edges of the structure 1 and the outer edge of 
the mandrel 5. The different positions are defined by the 
position of the optical measuring units (17a, 17b) . 
5 The mean value of the thicknesses (dl, d2) of the first 

rubber layer 2a (which thicknesses are determined at the 
different positions) is computed with a computing unit 21 and is 
transmitted further as layer thickness d to the control loop 
having the control unit 16a and/or the central control unit 15. 
10 The additional layer thickness measuring means (9b, 9c) are 

mounted behind the second and the additional extrusion 
units (4b, 4c) and can be configured in a corresponding manner 
and connected to the control loop having the control unit 16b. 
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